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Burkitt lymphoma (BL) is a rare subtype of non-Hodgkin’s lymphoma with an aggressive course. To refine the individual 
patient’s prognosis, the International Prognostic Index for BL (BL-IPI) was recently developed and 4 risk factors (RF) were 
determined as optimal prognostic cut-off by multivariate analysis: age ≥40 years, lactate dehydrogenase >3× upper limit 
of normal, ECOG performance status ≥2, and central nervous system involvement. The BL-IPI distinguishes 3 prognostic 
groups, low (without RF), intermediate (1 RF), and high risk (2–4 RF), with significant differences in survival. The aim of the 
current project was to perform an external validation of the BL-IPI in 101 patients from the Registry of Czech Lymphoma 
Study Group diagnosed between 1999 and 2016 (median age, 45 years). The median follow-up was 50.4 months. The induc-
tion treatment included rituximab plus chemotherapy in 82% and chemotherapy alone in 18%. The overall response rate was 
78% and the complete remission rate was 73%. According to BL-IPI, low/intermediate/high risk was present in 21/35/45% of 
patients, showing high similarity to the training BL-IPI US (United States) dataset (18/36/46%). There were significant differ-
ences in progression-free survival (PFS) and overall survival (OS) between patients with high vs. intermediate risk (PFS: 
hazard ratio 0.16, 95% confidence interval 0.08-0.31, p<0.0001; OS: hazard ratio 0.17, 95% confidence interval 0.09–0.35, 
p<0.0001) but not between patients with low vs. intermediate risk. The 3-year OS probability according to BL-IPI with 
low/intermediate/high risk was 96/76/59% in the BL-IPI training dataset vs. 95/85/45% in our external validation cohort; 
the 3-year PFS probability with low/intermediate/high risk was 92/72/53% in the BL-IPI training dataset vs. 95/85/42% 
in our cohort. In summary, our external validation of the BL-IPI confirmed a good separation of high-risk patients, who 
have a poor prognosis and for whom the new therapeutic approaches are needed; patients with low and intermediate risk 
had favorable clinical outcomes, and differences between these groups were not significant, likely due to a small number of 
patients. 
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Burkitt lymphoma (BL) is a rare subtype of mature B-cell 
lymphoproliferative disorders with aggressive behavior [1]. 
The literature specific for BL is relatively scarce because of 
the rarity of the disease and the numbers of patients are 
usually small in published studies on this topic. Despite 
being typically diagnosed at an advanced stage, the disease 
is potentially curable [2, 3]. The principle of BL treatment 

is the administration of dose-intensive polychemotherapy 
with incorporated prophylaxis of the central nervous system 
(CNS). A modified combination of cyclophosphamide, 
vincristine, doxorubicin, and high-dose methotrexate with 
a combination of ifosfamide, vincristine, etoposide, high-
dose cytosine-arabinoside (CODOX-M/IVAC,) and combi-
nation of cyclophosphamide, vincristine, doxorubicin, 
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and dexamethasone given as hyperfractionated therapy 
(hyperCVAD) is usually used for BL treatment [4, 5]. The 
dmCODOX-M/IVAC protocol for BL is an iteration of the 
original multiagent regimen designed by Magrath et al. 
in 1996 with the intention of developing a dose-intensive 
regimen while maintaining the efficacy of the therapy with 
reduced treatment-related toxicity [2, 6]. Low-intensity 
treatment approaches with dose-adjusted polychemotherapy 
of etoposide, prednisone, vincristine, cyclophosphamide, 
doxorubicin, rituximab (DA-R-EPOCH), and short course 
(SC)-EPOCH-R have been studied and are highly curative 
and well tolerated [7–9]. The benefit of rituximab adminis-
tration in BL has been confirmed in several studies [10-12]. 
Elderly patients >60 years (y) do not usually tolerate inten-
sive chemotherapy (CMT), and the therapeutic approach 
is rather palliative [13–16]. Many studies have contributed 
to the identification of negative risk factors for a worse 
prognosis, such as response to treatment, age, sex, lactate 
dehydrogenase (LDH) value, CNS/bone marrow involve-
ment, and cytogenetic abnormalities [17, 18].

BL has a unique biology and clinical course and lacks a 
standardized prognostic model. The traditional International 
Prognostic Index used for diffuse large B-cell lymphoma is 
not suitable for use in BL patients, because BL is present at a 
younger age, the disease is usually diagnosed at an advanced 
stage, and most patients have elevated LDH. For predicting 
lymphoma prognosis, patients are usually stratified into 
high-risk and low-risk groups according to their LDH levels 
and the extent of the disease [2, 3]. However, this definition 
varies between studies, leaving 80–90% of patients in a large 
and heterogeneous “high-risk” group.

To refine the individual patient’s prognosis, the Interna-
tional Prognostic Index for BL (BL-IPI) was recently devel-
oped and validated using an external dataset of patients [19, 
20]. Age ≥40 y, ECOG performance status (PS) ≥2, Ann 
Arbor stage III/IV, bone marrow (BM) involvement, CNS 
involvement, LDH >3× upper limit of normal (ULN), low 
value of hemoglobin (<11.5 g/dl) and albumin (<3.5 g/dl) 
were associated with inferior progression-free survival (PFS) 
in univariate analysis. Four risk factors (RF) were deter-
mined as the optimal prognostic cut-off for PFS and overall 
survival (OS) by multivariate analysis: age ≥40 y, LDH >3× 
ULN, ECOG PS ≥2, and CNS involvement [19, 20].

The aims of the study were to assess outcomes for patients 
with Burkitt’s lymphoma treated between 1999 and 2016 in 
the Czech Republic and to externally validate the BL-IPI.

Patients and methods

The Registry of CLSG (Czech Lymphoma Study Group) 
is a nationwide prospectively operated registry that has 
been collecting data about patients with newly diagnosed 
non-Hodgkin’s lymphoma (NHL) from hemato-oncological 
centers throughout the Czech Republic since 1999 [21]. 
This project is a part of an Observational Epidemiological 

and Clinical Study (NiHiL) registered at clinicaltrials.gov 
(NCT03199066). All registered patients in the CLSG registry 
signed informed consent forms for the NiHiL project, which 
was approved by the multicentric ethics committee at Univer-
sity General Hospital, Prague, and the local ethics committee. 
The registry gathers anonymized data that consist of detailed 
clinical and laboratory data in newly diagnosed patients with 
NHL with regular follow-ups being carried out.

All of the pathology reports were reviewed centrally 
by an experienced hematopathologist who serves as a 

Table 1. Baseline characteristics of BL patients from the Registry of 
CLSG-(n = 101)-external validation dataset (Column 1), BL-IPI training 
US dataset (Column 2).

Characteristics
External  

validation dataset
n=101 (%)

BL-IPI training 
dataset [19]
n=633 (%)

Median age (range), years 45 (18-84) 47 (33-59)
Male gender 75 (74) 479 (76)
Ann Arbor stage

I–II
III–IV
Missing

32
68 (67)

2

NA
494 (78)

0
B-symptoms present 54 (53) NA
LDH >3× ULN 40 (40) 268 (42)
ECOG PS >1 41 (41) 141 (22)
”Bulky disease“ ≥5 cm

Yes
Missing 

57 (63)
11

NA

EN involvement
EN ≥2

85 (84)
54 (53)

NA
270 (43)

CNS involvement
Missing

16 (16)
1

118 (19)
0

BM involvement
Present
Missing

34 (35)
5

NA

Groups according to BL-IPI
Low-risk
Intermediate-risk 
High-risk

21 (21)
35 (35)
45 (45)

114 (18)
228 (36)
291 (46)

Intensive chemotherapy 82 (84)
Rituximab-containing therapy 81 (80) 578 (91)
First line regimen

CODOX-M/IVAC +-R
HyperCVAD/HD MTX_ARA-C+-R
Other

68 (69)
10 (10.5)
20 (20.5)

194 (31)
195 (31)
244 (38)

Median follow-up (months) 50.4 45
PFS at 3 years 67% 65%
OS at 3 years 69% 70%

Abbreviations: BL-Burkitt lymphoma; CLSG-Cooperative Lymphoma 
Study Group; n-number; LDH-lactate dehydrogenase; ECOG PS-Eastern 
Cooperative Oncology Group Performance status; EN-extranodal; CNS-
central nervous system; BM-bone marrow; ULN-upper limit of normal; 
CMT-chemotherapy; R-rituximab; CODOX-M/IVAC+-R-cyclophos-
phamide, vincristine, doxorubicin, high-dose methotrexate/ifosfamide, 
vincristine, etoposide, high-dose cytosine-arabinoside with or without 
rituximab; hyperCVAD/HD MTX_ARA-C+-R-cyclophosphamide, vincris-
tine, doxorubicin, dexamethasone/high dose methotrexate and cytarabine 
with or without rituximab; BL-IPI-The Burkitt Lymphoma International 
Prognostic Index; PFS-progression-free survival; OS-overall survival; NA-
not available
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national lymphoma expert. The histological diagnosis of 
BL was reviewed according to the World Health Organiza-
tion Classification criteria of 2008 [22]. The initial staging 
included physical examination, computed tomography 
(CT) or fluorodeoxyglucose positron emission tomog-
raphy combined with CT scan (FDG-CT/PET), bone 
marrow aspirate and biopsy, and examination of c-MYC (by 
immunohistochemistry and/or cytogenetics/FISH-fluores-
cence in situ hybridization).

Patients with a completely resected abdominal disease 
or extra-abdominal disease without elevation of serum 
LDH, with ECOG PS 0-1 and Ann Arbor stage I and II were 
considered as low-risk. All other patients fulfilled the criteria 
for having high-risk (HR) disease [2, 5, 23].

The treatment response was evaluated based on the 
criteria of the International Workshop to Standardize 
Response Criteria for Non-Hodgkin’s Lymphoma which was 
published in 1999 and later revised and updated in Lugano 
in 2014 [24–26].

The toxicity of treatment was assessed according to the 
National Cancer Institute Common Terminology Criteria for 
Adverse Events (CTCAE 4.0).

We carried out a retrospective analysis of the treatment 
results and outcomes of consecutive BL patients who were 
entered into the Registry of CLSG between 1999 and 2016. 
We externally validated the BL-IPI index in 101 (0.77%) 
patients with BL of 13,001 patients with NHL entered into 
the registry. The basic characteristics of the patients are 
summarized in Table 1.

Statistics. Overall survival and progression-free survival 
curves were estimated using the Kaplan-Meier method with 
differences compared using the stratified log-rank test. The 
data were analyzed using the statistical software MedCalc 

(MedCalc Software, Mariakerke, Belgium). PFS was defined 
as the time interval from the start of treatment until the first 
relapse/progression or death from any cause. OS was defined 
from the date of diagnosis until death from any cause.

The Fisher test was used to analyze differences in the 
categorical variables. Multivariate analysis was performed 
by the Cox regression analysis method using the backward 
stepwise selection process. All point estimates were presented 
with an appropriate 95% confidence interval. A p-value <0.05 
was considered to be statistically significant; all p-values are 
double-sided.

Results

Treatment, response, and clinical outcome. Overall, 101 
patients were included in the intention-to-treat (ITT) analysis 
of the results. First-line treatment is shown in Table 2.

Overall, 51 high-risk patients in our cohort were treated 
with high-dose CMT, which was modified to dm (dose 
modified) CODOX-M/IVAC with/without rituximab. Nine 
low-risk patients, who tolerated intensive treatment, were 
treated with the CODOX-M regimen with/without ritux-
imab. The anthracyclines-based regimen CHOP (cyclophos-
phamide, doxorubicin, vincristine, prednisone), no-anthra-
cycline regimen COP (cyclophosphamide, vincristine, 
prednisone), and administration of high-dose methotrexate 
monotherapy (HD MTX) were considered to be insufficient 
for BL treatment and were defined as nonintensive chemo-
therapeutic regimens.

The overall response rate (ORR) was 78%, and complete 
responses (CR) were achieved in 73% of patients in our 
cohort. Stable disease (SD) was present in 1% of the patients, 

Table 2. First-line treatment (n=101).
Number of 

patients (%)
Patients ≤60 y

(number)
Patients >60 y

(number)
CMT +/– Rituximab 98 (98) 79 19
CMT only 18 (18) 15 3
R-CMT 80 (80) 82 16
Intensive CMT
Main intensive CMT:
dmCODOX-M
dmCODOX-M/IVAC

Other intensive CMT:
HyperCVAD without HD MTX_ARA-C
HyperCVAD-HD MTX_ARA-C
HD MTX_ARA-C 
GMALL
Non-intensive CMT (CHOP, HD MTX, COP)

82 (82)

17 (17)
51 (51)

14 (14)
3 (3)
6 (6)
1 (1)
4 (4)

16 (16)

72

16
48

8
0
6
0
2
7

10

1
3

6
3
0
1
2
9

No CMT 3 (3) 0 3
Abbreviations: CMT-chemotherapy; R-rituximab; CODOX-M-cyclophosphamide, vincristine, 
doxorubicin, high-dose methotrexate; IVAC-ifosfamide, vincristine, etoposide, high-dose cytosine-
arabinoside; hyper-hyperfractionated; CVAD-cyclophosphamide, vincristine, doxorubicin, dexa-
methasone; HD MTX-high-dose methotrexate; CHOP-cyclophosphamide, doxorubicin, vincristine, 
prednisone; COP-cyclophosphamide, vincristine, prednisone, dm-dose-modified; ARA-C-cytosina-
rabinoside; GMALL-German Multicentre Study Group for adult Acute Lymphoblastic Leukaemia



EXTERNAL VALIDATION OF THE BL-IPI 1469

The estimated 3-y PFS and OS 
were 67% and 69%, respectively. 
The median PFS and OS were not 
reached in all patients (n=101) and 
in patients ≤60 y (n=79). The median 
PFS in patients >60 y was 7.2 months 
(p=0.003), and the median OS was 
14 months (p=0.001). The survival 
of low-risk patients was significantly 
better than that of HR patients in 
which the 3-y OS was 100% for 
low-risk and 66% for high-risk 
patients (p=0.04). The 3-y PFS was 
100% for low-risk and 64% for high-
risk patients (p=0.039).

Administration of dmCODOX-
M/IVAC with/without rituximab 
did not result in significant improve-
ment of PFS or OS in comparison to 
other CMT regimens in our cohort: 
dmCODOX-M/IVAC with/without 
rituximab with a 2-y OS 76%, 2-y 
PFS 72% vs. other CMT regimens 
(n=47) with a 2-y OS 68% and a 2-y 
PFS 66% (OS p=0.10, PFS p=0.23).

Multivariate Cox regression 
analysis for the external validation 
cohort. The failure to achieve CR, 
extranodal (EN) involvement, and 
advanced Ann Arbor stage IV-were 
independent risk factors for a shorter 
PFS in multivariate analysis. CNS 
involvement and failure to achieve 
CR were independent factors for OS 
(Table 3).

Toxicity. The most common grade 
≥3 hematological toxicities included 
neutropenia (97.5%) with febrile 
neutropenia in 14.8%, thrombocyto-
penia in 80%, and anemia in 77.5% 
of the patients, who were treated 
with intensive CMT. Serious (grade 
≥3) infections occurred in 48 (59%) 
of 82 patients. Nonhematological 
grade ≥3 toxicity consisted of gastro-
intestinal toxicity (GIT) in 29.6% of 
the patients; mucositis and colitis 
were the most common GIT adverse 
events. Hepatotoxicity grade ≥3 was 
present in 18.5% and renal toxicity 
in 16% of the patients. Tumor lysis 
syndrome was observed in 12.3% of 
the patients and 6% of them required 
hemodialysis. Cardiac toxicity 
occurred in 5 patients. We observed 

Figure 1. Progression-free survival according to BL-IPI risk groups in the external validation dataset.

Figure 2. Overall survival according to BL-IPI risk groups in the external validation dataset.

and primary progressive disease (PPD) was present in 13% of the patients. The 
response rate was higher in younger patients, with an 81% ORR (CR 77%). In the 
older patients (>60 y), the ORR was 66.6% (CR 57%), the SD was 0% and the PPD 
was 14%.

At the median follow-up of 50.4 months, 33 patients had died; more deaths were 
observed in older patients (n=14.6%) than in younger patients (n=19.2%), p=0.002. 
The main cause of death was disease progression in 22 patients.
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five treatment-related deaths (4 of them were patients >60 y; 
one younger patient died of sepsis).

External validation of the BL-IPI. Low/intermediate/
high risk according to BL-IPI was present in 21/35/45% of our 
cohort of patients. There were significant differences in PFS 
and OS between patients with low vs. high risk and interme-
diate vs. high risk but not between low and intermediate risk. 
Stratification according to BL-IPI enabled the identification 
of the high-risk group with a dismal prognosis (estimated 3-y 
OS of 49%). On the other hand, low- and intermediate-risk 
patients had favorable prognoses, with 3-y OS rates of 95% 
and 85%, respectively. There were no significant differences 
between these subgroups, likely due to the low number of 
patients (low-risk subgroup, n=21). The results of external 
validation of the BL-IPI are summarized in Table 4.

Using the BL-IPI scoring system, the estimated OS at 3 
years for low/intermediate/high risk was 96/76/59% in the 
training US dataset (n=633) and 95/85/45% in our external 
validation cohort; the estimated PFS at 3 years was 92/72/53% 
vs. 95/85/42% (Table 5). Survival curves for PFS and OS in 
our external validation cohort (NiHiL project) are shown in 
Figure 1 and Figure 2.

Discussion

Here, we retrospectively analyzed a cohort of 101 cases 
of sporadic BL, who were entered into the CLSG registry 
between 1999 and 2016. With regard to the epidemiology of 
BL, our study represents a relatively large group of patients. 

The epidemiological data of BL in our study are in agree-
ment with published data, in the USA, BL comprises <1% of 
NHL in adults [1]. The baseline characteristics of the patients 
(median age of 45 y, 74% male predominance, the presence of 
CNS disease in 16%, advanced stage at diagnosis in 68%, EN 
involvement in 84%, and the presence of B-symptoms in 53% 
of patients are comparable with those in the literature [13, 19, 
22, 27–35]. We observed a higher incidence of BM involve-
ment (35%) compared with previously published studies 
(10% of patients) [13]. Extranodal/CNS involvement, Ann 
Arbor stage, and failure to achieve CR appear to be signifi-
cant for unfavorable clinical outcomes. Published studies 
reported a 47–91% CR in BL patients who were treated 
with rituximab in combination with CMT, with outcomes 
depending on the intensity of the treatment and the age of 
the patients [5, 7, 29–32, 36–39].

Overall, 51 patients in our cohort were treated with 
dmCODOX-M/IVAC with/without rituximab, with modifi-
cations according to LaCasce et al. [6, 23, 31] Adminis-
tration of dmCODOX-M/IVAC with/without rituximab 
did not result in significant improvement of PFS or OS in 
comparison to other CMT regimens. This may be explained 
by the heterogeneity of CMT regimens, selection bias, and 
a relatively low number of patients in each subgroup. The 
importance of adding rituximab in combination with CMT 
dmCODOX-M/IVAC could not be evaluated due to the 
small number of patients in the chemotherapy-only group.

Intensive CMT administration was frequently compli-
cated by hematological grade 3–4 toxicity in which anemia 

Table 3. Multivariate analysis for overall survival (OS) and progression-free survival (PFS) in our external validation cohort (n = 101).
Multivariate analysis Overall survival (OS) Progression-free survival (PFS)
Variable Hazard ratio 95% CI p-value Hazard ratio 95% CI p-value
Failure of CR achievement 19.21 6.56–56.27 <0.0001 98.74 18.22–535.07 <0.0001
CNS involvement 5.76 1.61–20.58 0.0073 – – –
EN involvement – – – 0.036 0.0027–0.51 0.014
Ann Arbor stage IV – – – 0.14 0.025–0.76 0.023

Abbreviations: CNS-central nervous system; CR-complete remission; EN-extranodal; CI-Confidence Interval

Table 4. Progression-free survival and overall survival according to BL-IPI risk groups in our external validation cohort.
BL-IPI Low vs. intermediate risk Intermediate vs. high risk Low vs. high risk
Variable Hazard ratio 95% CI p-value Hazard ratio 95% CI p-value Hazard ratio 95% CI p-value
Overall survival 0.32 0.06–1.68 0.277 0.17 0.09–0.35 <0.0001 0.03–0.12 0.06 0.0001
Progression-free survival 0.33 0.06–1.71 0.279 0.16 0.08–0.31 <0.0001 0.03–0.11 0.05 <0.0001

Abbreviations: BL- IPI-The Burkitt Lymphoma International Prognostic Index; CI-Confidence Interval

Table 5. Progression-free survival and overall survival according to BL-IPI risk groups in our external validation cohort and BL-IPI training dataset.

BL-IPI risk groups
External validation dataset (n=101) BL-IPI training dataset (n = 633) [19]
3-y PFS 3-y OS 3-y PFS 3-y OS

Low risk (0 factors) 95% 95% 92% 96%
Intermediate risk (1 factor) 85% 85% 72% 76%
High risk (2-4 factors) 42% 45% 53% 59%

Abbreviations: BL-IPI-The Burkitt Lymphoma International Prognostic Index; y-year; PFS-progression-free survival; OS-overall survival
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was seen in 77.5%, neutropenia in 97.5%, thrombocytopenia 
in 80%, and febrile neutropenia in 14.8% of the patients. 
These observations are from data gathered after the admin-
istration of CODOX-M/IVAC [2] and dmCODOX-M/IVAC 
[5, 23, 40–42].

In patients treated with intensive CMT, we observed 
that acute renal failure due to tumor lysis syndrome (TLS) 
developed in 10 patients (12.3%), and half of them required 
hemodialysis. The most common manifestations of grade 
3–4 GIT toxicity were mucositis and colitis.

A worse treatment response was seen in patients >60 y 
(a CR rate of 57% in elderly patients compared to 77% in 
younger patients). The more aggressive behavior of BL in 
elderly individuals, a worse tolerance of intensive therapy, or 
the impossibility of its administration due to comorbidities 
were the probable reasons for a decreased response rate and 
OS in the elderly population. CNS involvement in our study 
proved to be a significant risk factor for OS in multivariate 
analyses, which confirmed the reported data [19, 31, 43–47]. 
Clinical stage IV and EN disease (mostly BM involvement) 
were risk factors for a shorter PFS in multivariate analyses in 
which the data are comparable with other published works 
[28, 44, 48].

We confirmed better outcomes for low-risk patients in 
our analysis (3-y OS was 100% for low-risk and 66% for HR 
patients (p=0.04)), which is consistent with published data 
[9, 23]. Our low-risk group of patients with BL included 9 
patients (9%) only and this incidence was lower than in other 
studies [2, 6, 23, 40, 41].

The BL-IPI is a novel prognostic index, that was recently 
developed from a large real-world evidence cohort of US 
adult patients, who were treated in the US between 2009 and 
2018 (training dataset, n=633) [19]. The index was validated 
by an external international cohort (n=457) treated with 
standard intensive immunochemotherapy from multicen-
tric registries from Australia, Canada, Denmark, Norway, 
and Sweden between 2004 and 2017 [20]. According to the 
BL-IPI model, 3 prognostic groups emerged with signifi-
cantly different clinical outcomes: low- (without RF) risk 
patients had a significantly better prognosis than interme-
diate- (1 RF), and high-risk (2–4 RF) patients; BL-IPI was 
similarly prognostic for OS [19, 20]. Limitations of both 
studies included their retrospective design, heterogeneous 
induction treatment, and lack of formal central pathology 
review. In the external international validation cohort 
(n=457), most patients were treated with the CODOX-M/
IVAC regimen with/without rituximab (65%) compared to 
the patients in the training US dataset (31%). On the other 
hand, the BL-IPI was validated by the study based on data 
from two prospective sequential trials BURKIMAB-08 and 
BURKIMAB-14, where the patients with BL and Burkitt 
leukemia were treated with consistent therapy between 2008 
and 2020. Both trials showed similar rates of CR (CR 85% 
vs. 80%, 5-y OS 72% vs. 68%) allowing to consider them 
together for validation of the BL-IPI [49].

The distribution of risk groups was very similar in the 
BL-IPI training US dataset and in our external validation 
cohort. Using the BL-IPI scoring system, the OS probability 
was significantly different for these 3 risk groups in the 
training US dataset (n=633). The low-risk group showed 
significantly better outcomes than the high-risk group in our 
external validation cohort (NiHiL project). In our analysis, 
the BL-IPI efficiently separated the high-risk group, while the 
differences in PFS and OS between low- and intermediate-
risk were not significant, likely due to the limited number of 
patients, especially in the low-risk subgroup (n=21). Several 
other factors may have contributed to these results: retrospec-
tive design of our analysis; in our external validation cohort, 
more patients were treated with intensive CMT but fewer 
patients received rituximab; in addition, more patients in our 
external validation cohort had worse ECOG PS and more 
frequent EN involvement against training the US cohort. The 
3-year PFS and OS in all patients were very similar with a 
similar median follow-up. The value of the simplified BL-IPI 
index was therefore reinforced by our study to determine and 
refine the prognostication of untreated BL patients. Finally, it 
should be noted, that the intensity of treatment is considered 
depending on the age of patients (age is an important risk 
factor for the clinical outcome of patients with BL), and the 
BL-IPI index is valid only for patients treated with multia-
gent chemotherapy.

In conclusion, our real-world data focusing on the 
outcome of Burkitt lymphoma patients treated in the 
Czech Republic support the use of rituximab + intensive 
CODOX-M/IVAC chemotherapy in younger patients due to 
its high efficacy. Our external validation of the BL-IPI index 
in a cohort of unselected, consecutive patients with BL in the 
Czech Republic confirmed that BL-IPI is able to identify a 
subgroup of high-risk patients with dismal prognosis. For 
these patients, novel treatment strategies (such as currently 
investigated specific inhibitors of c-MYC, inhibition of 
CCND3, TCF3, CDK6, or the PI3 kinase) are needed.

Acknowledgments: We thank Cyrus Rasti M.D. and academic 
English editors from American Journal Experts for language edit-
ing. Supported by program COOPERATIO, research area ONCO, 
by MH CZ – DRO (UHHK, 00179906)

References

[1]	 MORTON LM, WANG SS, DEVESA SS, HARTGE P, 
WEISENBURGER DD et al. Lymphoma incidence pat-
terns by WHO subtype in the United States, 1992–2001. 
Blood 2006; 107: 265–276. https://doi.org/10.1182/
blood-2005-06-2508

[2]	 MAGRATH I, ADDE M, SHAD A, VENZON D, SEIBEL N 
et al. Adults and children with small non-cleaved-cell lym-
phoma have a similar excellent outcome when treated with 
the same chemotherapy regimen. J Clin Oncol 1996; 14: 
925–934. https://doi.org/10.1200/JCO.1996.14.3.925

https://doi.org/10.1182/blood-2005-06-2508
https://doi.org/10.1182/blood-2005-06-2508
https://doi.org/10.1200/JCO.1996.14.3.925


1472 Alice SÝKOROVÁ, et al.

[3]	 DIVINE M, CASASSUS P, KOSCIELNY S, BOSQ J, SEB-
BAN C et al. Burkitt lymphoma in adults: a prospective 
study of 72 patients treated with an adapted pediatric LMB 
protocol. Ann Oncol 2005; 16: 1928–1935. https://doi.
org/10.1093/annonc/mdi403

[4]	 THOMAS DA, CORTES J, O’BRIEN S, PIERCE S, FADERL 
S et al. Hyper-CVAD program in Burkitt’s-type adult acute 
lymphoblastic leukemia. J Clin Oncol 1999; 17: 2461–2470. 
https://doi.org/10.1200/JCO.1999.17.8.2461

[5]	 MEAD GM, BARRANS SL, QIAN W, WALEWSKI J, RAD-
FORD JA et al. A prospective clinicopathologic study of 
dose-modified CODOX-M/IVAC in patients with sporadic 
Burkitt lymphoma defined using cytogenetic and immuno-
phenotypic criteria (MRC/NCRI LY10 trial). Blood 2008; 112: 
2248–2260. https://doi.org/10.1182/blood-2008-03-145128

[6]	 LACASCE A, HOWARD O, LIB S, FISHER D, WENG A et 
al. Modified magrath regimens for adults with Burkitt and 
Burkitt-like lymphomas: preserved efficacy with decreased 
toxicity. Leuk Lymphoma 2004; 45: 761–767. https://doi.
org/10.1080/1042819031000141301

[7]	 DUNLEAVY K, PITTALUGA S, SHOVLIN M, STEIN-
BERG SM, COLE D et al. Low-intensity therapy in adults 
with Burkitt’s lymphoma. N Engl J Med 2013; 369: 1915–
1925. https://doi.org/10.1056/NEJMoa1308392

[8]	 ROSCHEWSKI M, DUNLEAVY K, ABRAMSON JS, LINK 
BK, PAREKH S et al. Risk-Adapted Therapy in Adults with 
Burkitt Lymphoma: Results of NCI 9177, a Multicenter Pro-
spective Phase II Study of DA-EPOCH-R. Blood 2017; 130: 
188. https://doi.org/10.1182/blood.V130.Suppl_1.188.188

[9]	 ROSCHEWSKI M, DUNLEAVY K, ABRAMSON JS, POW-
ELL BL, LINK BK et al. Multicenter Study of Risk-Adapted 
Therapy With Dose-Adjusted EPOCH-R in Adults With 
Untreated Burkitt Lymphoma. J Clin Oncol Off J Am Soc 
Clin Oncol 2020; 38: 2519–2529. https://doi.org/10.1200/
JCO.20.00303

[10]	 NIE M, WANG Y, BI XW, XIA Y, SUN P et al. Effect of ritux-
imab on adult Burkitt’s lymphoma: a systematic review and 
meta-analysis. Ann Hematol 2016; 95: 19–26. https://doi.
org/10.1007/s00277-015-2501-1

[11]	 HOELZER D, WALEWSKI J, DOHNER H, VIARDOT A, 
HIDDEMANN W et al. Improved outcome of adult Burkitt 
lymphoma/leukemia with rituximab and chemotherapy: re-
port of a large prospective multicenter trial. Blood 2014; 124: 
3870–3879. https://doi.org/10.1182/blood-2014-03-563627

[12]	 RIBRAG V, KOSCIELNY S, BOSQ J, LEGUAY T, CASAS-
NOVAS O et al. Rituximab and dose-dense chemotherapy 
for adults with Burkitt’s lymphoma: a randomised, con-
trolled, open-label, phase 3 trial. Lancet 2016; 387: 2402–
2411. https://doi.org/10.1016/S0140-6736(15)01317-3

[13]	 DOZZO M, CAROBOLANTE F, DONISI PM, SCATTO-
LIN A, MAINO E et al. Burkitt lymphoma in adolescents 
and young adults: management challenges. Adolesc Health 
Med Ther 2017; 8: 11–29. https://doi.org/10.2147/AHMT.
S94170

[14]	 KELLY JL, TOOTHAKER SR, CIMINELLO L, HOEL-
ZER D, HOLTE H et al. Outcomes of patients with Burkitt 
lymphoma older than age 40 treated with intensive chemo-
therapeutic regimens. Clin Lymphoma Myeloma 2009; 9: 
307–310. https://doi.org/10.3816/CLM.2009.n.060

[15]	 PERKINS AS, FRIEDBERG JW. Burkitt lymphoma in adults. 
Hematol Am Soc Hematol Educ Program 2008; 341–348. 
https://doi.org/10.1182/asheducation-2008.1.341

[16]	 WASTERLID T, BROWN PN, HAGBERG O, HAGBERG 
H, PEDERSEN LM et al. Impact of chemotherapy regimen 
and rituximab in adult Burkitt lymphoma: a retrospective 
population-based study from the Nordic Lymphoma Group. 
Ann Oncol 2013; 24: 1879–1886. https://doi.org/10.1093/an-
nonc/mdt058

[17]	 NELSON M, PERKINS SL, DAVE BJ, COCCIA PF, 
BRIDGE JA et al. An increased frequency of 13q deletions 
detected by fluorescence in situ hybridization and its impact 
on survival in children and adolescents with Burkitt lym-
phoma: results from the Children’s Oncology Group study 
CCG-5961. Br J Haematol 2010; 148: 600–610. https://doi.
org/10.1111/j.1365-2141.2009.07967.x

[18]	 POIREL HA, CAIRO MS, HEEREMA NA, SWANSBURY J, 
AUPÉRIN A et al. Specific cytogenetic abnormalities are as-
sociated with a significantly inferior outcome in children and 
adolescents with mature B-cell non-Hodgkin’s lymphoma: 
results of the FAB/LMB 96 international study. Leukemia 
2009; 23: 323–331. https://doi.org/10.1038/leu.2008.312

[19]	 EVENS AM, DANILOV AV, JAGADEESH D, SPERLING 
AL, KIM SH et al. Burkitt Lymphoma in the Modern Era: 
Real World Outcomes and Prognostication Across 30 US 
Cancer Centers. Blood 2021; 137: 374–386. https://doi.
org/10.1182/blood.2020006926

[20]	 OLSZEWSKI AJ, JAKOBSEN LH, COLLINS GP, CW-
YNARSKI K, BACHANOVA V et al. Burkitt Lymphoma 
International Prognostic Index. J Clin Oncol Off J Am Soc 
Clin Oncol 2021; 39: 1129–1138. https://doi.org/10.1200/
JCO.20.03288

[21]	 TRNENY M, VASOVA I, PYTLIK R, BELADA D, 
JANKOVSKÁ M et al. [The Non-Hodgkin_s Lymphoma 
subtype distribution and survival in Czech Republic.] Klin 
Onkol 2007; 20: 341–348.

[22]	 CAMPO E, SWERDLOW SH, HARRIS NL, PILERI S, 
STEIN H et al. The 2008 WHO classification of lymphoid 
neoplasms and beyond: evolving concepts and practi-
cal applications. Blood 2011; 117: 5019–5032. https://doi.
org/10.1182/blood-2011-01-293050

[23]	 MEAD GM, SYDES MR, WALEWSKI J, GRIGG A, HAT-
TON CS et al. An international evaluation of CODOX-M 
and CODOX-M alternating with IVAC in adult Burkitt’s 
lymphoma: results of United Kingdom Lymphoma Group 
LY06 study. Ann Oncol 2002; 13: 1264–1274. https://doi.
org/10.1093/annonc/mdf253

[24]	 CHESON BD, HORNING SJ, COIFFIER B, SHIPP MA, 
FISHER RI et al. Report of an international workshop to 
standardize response criteria for non-Hodgkin’s lymphomas. 
NCI Sponsored International Working Group. J Clin Oncol 
1999; 17: 1244. https://doi.org/10.1200/JCO.1999.17.4.1244

[25]	 BARRINGTON SF, MIKHAEEL NG, KOSTAKOGLU L, 
MEIGNAN M, HUTCHINGS M et al. Role of imaging in 
the staging and response assessment of lymphoma: consen-
sus of the International Conference on Malignant Lympho-
mas Imaging Working Group. J Clin Oncol 2014; 32: 3048–
3058. https://doi.org/10.1200/JCO.2013.53.5229

https://doi.org/10.1093/annonc/mdi403
https://doi.org/10.1093/annonc/mdi403
https://doi.org/10.1200/JCO.1999.17.8.2461
https://doi.org/10.1182/blood-2008-03-145128
https://doi.org/10.1080/1042819031000141301
https://doi.org/10.1080/1042819031000141301
https://doi.org/10.1056/NEJMoa1308392
https://doi.org/10.1182/blood.V130.Suppl_1.188.188
https://doi.org/10.1200/JCO.20.00303
https://doi.org/10.1200/JCO.20.00303
https://doi.org/10.1007/s00277-015-2501-1
https://doi.org/10.1007/s00277-015-2501-1
https://doi.org/10.1182/blood-2014-03-563627
https://doi.org/10.1016/S0140-6736(15)01317-3
https://doi.org/10.2147/AHMT.S94170
https://doi.org/10.2147/AHMT.S94170
https://doi.org/10.3816/CLM.2009.n.060
https://doi.org/10.1182/asheducation-2008.1.341
https://doi.org/10.1093/annonc/mdt058
https://doi.org/10.1093/annonc/mdt058
https://doi.org/10.1111/j.1365-2141.2009.07967.x
https://doi.org/10.1111/j.1365-2141.2009.07967.x
https://doi.org/10.1038/leu.2008.312
https://doi.org/10.1182/blood.2020006926
https://doi.org/10.1182/blood.2020006926
https://doi.org/10.1200/JCO.20.03288
https://doi.org/10.1200/JCO.20.03288
https://doi.org/10.1182/blood-2011-01-293050
https://doi.org/10.1182/blood-2011-01-293050
https://doi.org/10.1093/annonc/mdf253
https://doi.org/10.1093/annonc/mdf253
https://doi.org/10.1200/JCO.1999.17.4.1244
https://doi.org/10.1200/JCO.2013.53.5229


EXTERNAL VALIDATION OF THE BL-IPI 1473

[26]	 CHESON BD. Staging and response assessment in lympho-
mas: the new Lugano classification. Chin Clin Oncol 2015; 4: 
5. https://doi.org/10.3978/j.issn.2304-3865.2014.11.03

[27]	 HECHT JL, ASTER JC. Molecular biology of Burkitt’s 
lymphoma. J Clin Oncol 2000; 18: 3707–3721. https://doi.
org/10.1200/JCO.2000.18.21.3707

[28]	 COSTA LJ, XAVIER AC, WAHLQUIST AE, HILL EG. 
Trends in survival of patients with Burkitt lymphoma/leuke-
mia in the USA: an analysis of 3691 cases. Blood 2013; 121: 
4861–4866. https://doi.org/10.1182/blood-2012-12-475558

[29]	 THOMAS DA, FADERL S, O’BRIEN S, BUESO-RAMOS C, 
CORTES J et al. Chemoimmunotherapy with hyper-CVAD 
plus rituximab for the treatment of adult Burkitt and Burkitt-
type lymphoma or acute lymphoblastic leukemia. Cancer 
2006; 106: 1569–1580. https://doi.org/10.1002/cncr.21776

[30]	 CHOI MK, JUN HJ, LEE SY, KIM KH, LIM DH et al. Treat-
ment outcome of adult patients with Burkitt lymphoma: re-
sults using the LMB protocol in Korea. Ann Hematol 2009; 
88: 1099–1106. https://doi.org/10.1007/s00277-009-0729-3

[31]	 BARNES JA, LACASCE AS, FENG Y, TOOMEY CE, 
NEUBERG D et al. Evaluation of the addition of rituximab 
to CODOX-M/IVAC for Burkitt’s lymphoma: a retrospec-
tive analysis. Ann Oncol 2011; 22: 1859–1864. https://doi.
org/10.1093/annonc/mdq677

[32]	 INTERMESOLI T, RAMBALDI A, ROSSI G, DELAINI 
F, ROMANI C et al. High cure rates in Burkitt lymphoma 
and leukemia: a Northern Italy Leukemia Group study of 
the German short intensive rituximab-chemotherapy pro-
gram. Haematologica 2013; 98: 1718–1725. https://doi.
org/10.3324/haematol.2013.086827

[33]	 RIZZIERI DA, JOHNSON JL, BYRD JC, LOZANSKI G, 
BLUM KA et al. Improved efficacy using rituximab and 
brief duration, high intensity chemotherapy with filgrastim 
support for Burkitt or aggressive lymphomas: cancer and 
Leukemia Group B study 10 002. Br J Haematol 2014; 165: 
102–111. https://doi.org/10.1111/bjh.12736

[34]	 SARIBAN E, EDWARDS B, JANUS C, MAGRATH I. 
Central nervous system involvement in American Burkitt’s 
lymphoma. J Clin Oncol 1983; 1: 677–681. https://doi.
org/10.1200/JCO.1983.1.11.677

[35]	 OOSTEN LEM, CHAMULEAU MED, THIELEN FW, 
DE WREEDE LC, SIEMES C et al. Treatment of sporadic 
Burkitt lymphoma in adults, a retrospective comparison of 
four treatment regimens. Ann Hematol 2018; 97: 255–266. 
https://doi.org/10.1007/s00277-017-3167-7

[36]	 KASAMON YL, BRODSKY RA, BOROWITZ MJ, AM-
BINDER RF, CRILLEY PA et al. Brief intensive therapy for 
older adults with newly diagnosed Burkitt or atypical Burkitt 
lymphoma/leukemia. Leuk Lymphoma 2013; 54: 483–490. 
https://doi.org/10.3109/10428194.2012.715346

[37]	 RIBERA JM, GARCIA O, GRANDE C, ESTEVE J, ORIOL 
A et al. Dose-intensive chemotherapy including rituximab in 
Burkitt’s leukemia or lymphoma regardless of human immu-
nodeficiency virus infection status: final results of a phase 2 
study (Burkimab). Cancer 2013; 119: 1660–1668. https://doi.
org/10.1002/cncr.27918

[38]	 KUJAWSKI LA, LONGO WL, WILLIAMS EC, TURMAN 
NJ, BRANDT N et al. A 5-drug regimen maximizing the 
dose of cyclophosphamide is effective therapy for adult 
Burkitt or Burkitt-like lymphomas. Cancer Invest 2007; 25: 
87–93. https://doi.org/10.1080/07357900701205507

[39]	 HONG J, KIM SJ, AHN JS, SONG MK, KIM YR et al. Treat-
ment Outcomes of Rituximab Plus Hyper-CVAD in Korean 
Patients with Sporadic Burkitt or Burkitt-like Lymphoma: 
Results of a Multicenter Analysis. Cancer Res Treat 2015; 47: 
173–181. https://doi.org/10.4143/crt.2014.055

[40]	 MOHAMEDBHAI SG, SIBSON K, MARAFIOTI T, KAY-
ANI I, LOWRY L et al. Rituximab in combination with 
CODOX-M/IVAC: a retrospective analysis of 23 cases of 
non-HIV related B-cell non-Hodgkin lymphoma with pro-
liferation index >95%. Br J Haematol 2011; 152: 175–181. 
https://doi.org/10.1111/j.1365-2141.2010.08447.x

[41]	 EVENS AM, CARSON KR, KOLESAR J, NABHAN C, 
HELENOWSKI I et al. A multicenter phase II study incorpo-
rating high-dose rituximab and liposomal doxorubicin into 
the CODOX-M/IVAC regimen for untreated Burkitt’s lym-
phoma. Ann Oncol 2014; 25: 1449. https://doi.org/10.1093/
annonc/mdu179

[42]	 CORAZZELLI G, FRIGERI F, RUSSO F, FRAIRIA C, 
ARCAMONE M et al. RD-CODOX-M/IVAC with ritux-
imab and intrathecal liposomal cytarabine in adult Burkitt 
lymphoma and ‘unclassifiable’ highly aggressive B-cell 
lymphoma. Br J Haematol 2012; 156: 234–244. https://doi.
org/10.1111/j.1365-2141.2011.08947.x

[43]	 WILDES TM, FARRINGTON L, YEUNG C, HARRINGTON 
AM, FOYIL KV et al. Rituximab is associated with improved 
survival in Burkitt lymphoma: a retrospective analysis from 
two US academic medical centers. Ther Adv Hematol 2014; 
5: 3–12. https://doi.org/10.1177/2040620713514682

[44]	 MILES RR, ARNOLD S, CAIRO MS. Risk factors and 
treatment of childhood and adolescent Burkitt lymphoma/
leukaemia. Br J Haematol 2012; 156: 730–743. https://doi.
org/10.1111/j.1365-2141.2011.09024.x

[45]	 SPREAFICO F, MASSIMINO M, LUKSCH R, CASANO-
VA M, CEFALO GS et al. Intensive, very short-term che-
motherapy for advanced Burkitt’s lymphoma in children. J 
Clin Oncol 2002; 20: 2783–2788. https://doi.org/10.1200/
JCO.2002.08.088

[46]	 LINCH DC. Burkitt lymphoma in adults. Br J Haema-
tol 2012; 156: 693–703. https://doi.org/10.1111/j.1365-
2141.2011.08877.x

[47]	 ZAYAC A, EVENS AM, STADNIK A, SMITH SD, JAGA-
DEESH D et al. Outcomes of Patients with Newly-Diagnosed 
Burkitt Lymphoma (BL) and Central Nervous System (CNS) 
Involvement Treated in the Modern Era: A Multi-Institu-
tional Real-World Analysis. Blood 2019; 134: 402. https://
doi.org/10.1182/blood-2019-122990

[48]	 MUKHTAR F, BOFFETTA P, RISCH HA, PARK JY, 
BUBU OM et al. Survival predictors of Burkitt’s lymphoma 
in children, adults and elderly in the United States during 
2000–2013. Int J Cancer 2017; 140: 1494–1502. https://doi.
org/10.1002/ijc.30576

[49]	 RIBERA JM, GARCÍA O, BUENDÍA-UREÑA B, TEROL 
MJ, VICENT A et al. Validation of the Burkitt Lymphoma 
International Prognostic Index in patients treated with two 
prospective chemoimmunotherapy trials in Spain. Leuk 
Lymphoma 2022; 63: 1993–1996. https://doi.org/10.1080/10
428194.2022.2053531

https://doi.org/10.3978/j.issn.2304-3865.2014.11.03
https://doi.org/10.1200/JCO.2000.18.21.3707
https://doi.org/10.1200/JCO.2000.18.21.3707
https://doi.org/10.1182/blood-2012-12-475558
https://doi.org/10.1002/cncr.21776
https://doi.org/10.1007/s00277-009-0729-3
https://doi.org/10.1093/annonc/mdq677
https://doi.org/10.1093/annonc/mdq677
https://doi.org/10.3324/haematol.2013.086827
https://doi.org/10.3324/haematol.2013.086827
https://doi.org/10.1111/bjh.12736
https://doi.org/10.1200/JCO.1983.1.11.677
https://doi.org/10.1200/JCO.1983.1.11.677
https://doi.org/10.1007/s00277-017-3167-7
https://doi.org/10.3109/10428194.2012.715346
https://doi.org/10.1002/cncr.27918
https://doi.org/10.1002/cncr.27918
https://doi.org/10.1080/07357900701205507
https://doi.org/10.4143/crt.2014.055
https://doi.org/10.1111/j.1365-2141.2010.08447.x
https://doi.org/10.1093/annonc/mdu179
https://doi.org/10.1093/annonc/mdu179
https://doi.org/10.1111/j.1365-2141.2011.08947.x
https://doi.org/10.1111/j.1365-2141.2011.08947.x
https://doi.org/10.1177/2040620713514682
https://doi.org/10.1111/j.1365-2141.2011.09024.x
https://doi.org/10.1111/j.1365-2141.2011.09024.x
https://doi.org/10.1200/JCO.2002.08.088
https://doi.org/10.1200/JCO.2002.08.088
https://doi.org/10.1111/j.1365-2141.2011.08877.x
https://doi.org/10.1111/j.1365-2141.2011.08877.x
https://doi.org/10.1182/blood-2019-122990
https://doi.org/10.1182/blood-2019-122990
https://doi.org/10.1002/ijc.30576
https://doi.org/10.1002/ijc.30576
https://doi.org/10.1080/10428194.2022.2053531
https://doi.org/10.1080/10428194.2022.2053531

